The field of artificial intelligence, especially research on knowledge representation and reasoning, has originated a large variety of formats, languages, and formalisms. Over the decades many different tools emerged to use these underlying concepts. Each one has been designed with some specific application in mind. In the century of Industry 4.0 and the Internet of Things, a formal way to uniformly exchange information, such as knowledge and belief, is imperative. That alone is not enough, because even more systems get integrated into this online setting and nowadays we are confronted with a huge amount of continuously flowing data. Therefore a solution is needed to both, allowing the integration of information and dynamic reaction to the data. My thesis aims to present a unique and novel pair of formalisms to tackle these two important needs by proposing an abstract and general solution.
Introduction
Research in the field of knowledge representation has originated a large variety of formats and languages. To use those formal concepts a wealth of tools have emerged (e.g. databases, ontologies, triple-stores, modal logics, temporal logics, nonmonotonic logics, logic programs under nonmonotonic answer set semantics, ...). Those tools were designed for specific needs of certain applications. With the idea of a "connected world", nowadays we do not intend to divide information over different applications. It is desirable to have all information available for every application if need be. To express all of this knowledge, represented in specifically tailored languages, in a universal language would be too hard to achieve from the point of view of complexity as well as the troubles arising from the translation of the representations.
A second issue in current knowledge representation is the lack of online usage of KR tools and formalisms. This is already adressed in different fields of knowledge representation (e.g. stream data processing and querying, stream reasoning with answer set programming, forgetting in general). Most of the approaches only assume one-shot computations, which are triggered by a user. This may be a specific request in the form of a query to a computer. In practice there are many applications where knowledge is provided in a constant flow of information and it is desired to reason over this knowledge in a continuous manner. Such a constant flow of information can be seen as some dynamic environment, where our formalism should be able to deal with changed conditions and beliefs over time.
The concept of nonmonotonic Multi-Context Systems (MCS) [3] is a promising approach to achieve a formalism which will not suffer from any of the two shortcomings of current KR-languages. One context may be seen as an encapsulation of one knowledge representation formalism. There different knowledge formalisms may communicate by means of bridge rules to exchange beliefs with each other. Equilibria are used as semantics to ensure that none of the transferred beliefs may lead to changes in the knowledge base and belief sets of the contexts which result in inconsistencies. The problem of connecting divided knowledge was the motivation of MCS and its successors. To generalise the concept of MCS such that they can handle streams of information and react to those in an appropriate way is one of the fundamental problems which shall be addressed by my thesis [12] . 
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The thesis aims to define and introduce so called reactive Multi-Context Systems, picturing how they developed over the last few years. Together with the presentation of this formalism it is also considered how to use this system and show results on computational complexity, ways to simulate other existing systems, and properties with respect to inconsistency management. Then another framework is proposed and discussed, asynchronous Multi-Context Systems, which use a more loosely coupled semantics compared to reactive Multi-Context Systems. While one basic idea of a reactive Multi-Context System is to get an agreement of every context via the usage of equilibrium semantics, asynchronous Multi-Context Systems are tailored towards information spreading in an asynchronous way, similar to the current web-technologies. It is discussed how asynchronous MultiContext Systems can be seen as a modelling tool to describe communication and information exchange in modern KR and AI systems.
The remainder of this extended abstract will give an overview on reactive Multi-Context Systems as well as asynchronous Multi-Context Systems by using example scenarios from the thesis to show how they might be used. In the conclusion section, the base results will be pictured in a short manner, to give a prospect on what to expect from the whole thesis.
Reactive Multi-Context Systems
Reactive Multi-Context Systems got developed over the span of the last few years. A recap of this historical development [7, 8, 11] together with considerations and discussions is done in-depth in the full version of my thesis. The discussion is addressing design choices, possible modelling approaches, and unwanted side effects due to some early mistakes. Finally the new and revamped version of reactive Multi-Context Systems [6] shows that the unwanted shortcomings got eliminated. Another part of the introduction of this system is an extensive part about how to model concepts like selective forgetting, selective awareness, incorporation of external data, dealing with inconsistent or inaccurate data from external sources, discretise and abstract information, and dynamically evolve the knowledge bases of contexts over time. The interested reader will get insights into formal properties of the presented formalism, such as results for complexity, expressiveness, and decidability. In addition a section about inconsistency management for reactive Multi-Context System discusses diagnosis, repairs, and partial computation with inconsistent contexts [4, 5] .
Example Scenario
To discuss and address modelling approaches, as well as giving an easy to grasp application where such a reactive Multi-Context System can be useful, the thesis considers the setting of assisted living. Persons which are in need of daily care, such as patients who suffer from dementia, are often forced to leave their homes in order to get proper treatment and supervision. This might not be desired by the treated person and additionally it might contribute to the negative effects of the sick person (e.g. dementia can be fought better in an already well known and established environment). Missing capacities in health care for direct help and supervision in their own flats makes the utilisation of an AI for supporting people in their daily life desirable.
In the example scenario we consider a reactive MultiContext System (see Fig. 1 ). It resembles a collection of sensors, data storage units, medical ontologies, and reasoning systems to assess situations and recognise emergency situations. 1 To keep the scenery simple, we only use two situations which shall be assessed. The flat is equipped with a heat sensor for the stove, basic medical sensors on the patient (e.g. blood pressure and sleep detection), and The first is the monitoring of the stove and basic reasoning whether it is on by intention or it has been forgotten to turn off. At first glance it seems like an easy problem, but when you consider that the patient has dementia and may have specific needs due to his medication it gets quite complicted. Is the person only watching television while waiting for his noodles to be done? Has the person forgotten that there are noodles? Is the person asleep? Is it better to turn off the stove, wake up the patient, or call a medical assistant? The second considered problem is the task of basic health monitoring. A simple application might be that a high blood pressure is found by the sensors. Depending on the medication it is sometimes a side effect of a given drug. Either way the system should be in a higher alert state, where a longer or more detailed history of information is taken into account. In addition it should call the medical staff if it is an abnormal reading (e.g. no drug is responsible for high blood pressure).
Discussion
Beside discussing how the different aspects of the example can be modelled, the underlying semantics of equilibria is investigated too. While the basic concept of mutual agreement on all changes to knowledge bases due to belief exchange and incorporating of sensor data from streams is a well founded formalism, it has its shortcoming with respect to computational complexity. Due to the nature of the system, the computational complexity for deciding whether one belief is agreed upon or not, is always at least as hard as the most complex context formalism. 2 Intuitively that means that all contexts have to wait for the slowest context to resume computation.
Asynchronous Multi-Context Systems
To tackle that side effect of waiting for slow or unresponsive contexts, asynchronous Multi-Context Systems [13] are designed with a loosely coupled semantics. In contrast to the reactive Multi-Context Systems, there is no equilibrium of mutual agreement and beliefs are not exchanged on basis of this concept. Here each context may compute its own set of beliefs and is then able to inform interested contexts (we call them stakeholder) about specific results of the computation. This communication is done in an abstract language, 3 and the information received from other contexts is stored in an input buffer. This buffer is further on evaluated. Based on the result of this evaluation, the context may start a new computation and is enabled to change parts of its internal logic too. A fine grained declarative way to filter incoming information for contexts [14] is discussed and described too.
Because of the highly abstract notion of asynchronous Multi-Context Systems, they are proposed as a formal model to describe asynchronous communication between heterogeneous reasoning units and stream data. It is shown that the system can simulate the semantics of reactive Multi-Context Systems and that it allows for fine grained application of more strict semantics for groups of contexts where a mutual agreement is necessary.
The used example for this system is chosen to underline the highly asynchronous reactivity of the formalism. We depict the situation of a computer aided emergency team management system. This application is a recommendersystem for the coordination and handling of ambulance assignments. We consider the scenario, where some person is calling the emergency number. During the rescue call much information regarding the casualty is given and the emergency response employee needs to assess the situation as quickly as possible. When the call is handled the information is usually forwarded to some case dispatcher, which plans how to utilise the accessible ambulance cars in the most effective way. The employee who does this dispatching has to take many parameters into account, like free capacities in hospitals, ambulance car availability and equipment, traffic, severity of the individual cases, and much more. These employees have to react to additional random events like a broken ambulance car, accidents on the streets, and similar issues which may change previously totally acceptable preferences for the task assignments.
Conclusion
Stream reasoning is currently a very productive research topic. Following the publications of the reactive Multi-Context Systems, there have been a couple of other approaches utilising Multi-Context Systems. While evolving MultiContext Systems [15] merged together with the first reactive Multi-Context System approach, many of the other publications (e.g. streaming MCS [10] , timed MCS [9] , Evolp [1], lars [2] , and sTarQl [16] ) with respect to that topic got compared in my thesis.
The thesis has tackled the two previously motivated prominent problems in knowledge representation and reasoning: Knowledge integration, as well as belief exchange between heterogeneous reasoners, and the handling of dynamics from environments where data flows continuously over time. The two formalisms presented are not only investigated formally and discussed in detail. It has been additionally shown that due to the highly abstract nature of the frameworks it is possible to model and represent other emerged proposals from the literature as well. Note that at the first design of reactive Multi-Context Systems the work was totally novel and no other formalism merged integration and dynamics in such a way together. Therefore the timeline and the discussions found in the thesis are considered to be a new approach towards distributed nonmonotonic reasoning on continuous data streams.
Possible future work is to consider how feasible it is to implement these systems, because of their intentionally high abstract nature. Asynchronous Multi-Context Systems might be utilised as a formal language to black-box test whether an implemented context is working as formally intended. Further future work is to analyse how well big data and commercial applications can be modelled by asynchronous Multi-Context Systems as well as some investigation about best practices when designing reactive Multi-Context Systems.
